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Abstract
Purpose  Putative causal relations among depressive symptoms in forms of network structures have been of recent interest, 
with prior studies suggesting that high connectivity of the symptom network may drive the disease process. We examined 
in detail the network structure of depressive symptoms among participants with and without depressive disorders (DD; 
consisting of major depressive disorder (MDD) and dysthymia) at two time points.
Methods  Participants were from the nationally representative Health 2000 and Health 2011 surveys. In 2000 and 2011, 
there were 5998 healthy participants (DD−) and 595 participants with DD diagnosis (DD+). Depressive symptoms were 
measured using the 13-item version of the Beck Depression Inventory (BDI). Fused Graphical Lasso was used to estimate 
network structures, and mixed graphical models were used to assess network connectivity and symptom centrality. Network 
community structure was examined using the walktrap-algorithm and minimum spanning trees (MST). Symptom centrality 
was evaluated with expected influence and participation coefficients.
Results  Overall connectivity did not differ between networks from participants with and without DD, but more simple com-
munity structure was observed among thosewith DD compared to those without DD. Exploratory analyses revealed small 
differences between the samples in the order of one centrality estimate participation coefficient.
Conclusions  Community structure, but not overall connectivity of the symptom network, may be different for people with 
DD compared to people without DD. This difference may be of importance when estimating the overall connectivity differ-
ences between groups with and without mental disorders.

Keywords  Network · Connectivity · Depression · Symptoms

Introduction

Depressive disorders (DD), including major depressive dis-
order (MDD) and dysthymia, are highly prevalent mental 
disorders with high comorbidity with other mental disor-
ders. Although they have been under systematic investiga-
tion for decades, depressive disorders remain poorly under-
stood, and treatment efficacy has been modest [1]. It has 
been traditionally assumed that depressive symptoms arise 
from common pathogenic pathways. Recently, this common 
cause-approach has been challenged [2–4] by research show-
ing that different depressive symptoms are associated with 
different risk factors [5], different patterns of comorbidity 
[6], and are associated with different levels of impairment 
[3]. Consistent with the above evidence of differential rela-
tions between symptoms and varying outcomes, depression 
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symptomology has been conceptualized as a dynamic net-
work, suggesting that depressive disorders are an emer-
gent property that derives from mutual interactions among 
symptoms in a causal system [7]. The model assumes that 
depression is a complex dynamic system where individu-
als suffering from depression have a different architecture 
of symptom relations than those who experience depres-
sive symptoms but have not passed the threshold of clinical 
diagnosis. The architecture of symptoms that characterizes 
those with a high risk of depression may form an emergent 
state: ‘depression’. Such a state can be sustained via vicious 
circles, and can be difficult to escape [8].

This network theory of depression is grounded in theories 
in clinical psychology. For instance, cognitive behavioral 
therapy focuses on negative feedback loops potentially lead-
ing to more severe emotional problems [9]. Although the 
network approach has generated much interest [4, 8, 10–12], 
numerous questions have remained open. We introduce three 
especially relevant topics below. First, one of the important 
features which are discussed as potentially differentiating the 
symptom networks of depressed people and others is con-
nectivity [7], i.e. the amount and strength of relations among 
symptoms. People more vulnerable to develop depression 
have been suggested to have a denser symptom network and 
overall stronger ties between symptoms than those who are 
less vulnerable. In clinical samples, this may mean that more 
densely connected networks in patients with MDD would 
also predict less probable recovery [8]. However, the litera-
ture on the topic is very limited, and empirical evidence is 
mixed: one previous study has supported this notion [13], 
and a second one has not [14].

Second, many network studies have examined what 
symptoms are the most central (i.e. interconnected) in MDD 
symptom networks, because such symptoms have been spec-
ulated to be promising targets for intervention [10]. Most of 
the studies so far have used clinical samples [12, 15–17], 
and few have used community samples analyzing also the 
sub-threshold symptoms [10, 18]. Interestingly, results are 
mixed, and do not seem to replicate well across studies. For 
example, whereas in a large clinical sample, Fried et al. [12] 
found that sad mood and energy loss were the most central 
symptoms, a time-series study conducted by Bringmann and 
colleagues [11] concluded that loss of pleasure was the most 
central symptom. Contrary to these findings, in a sample of 
5952 Han Chinese women with recurrent MDD, psycho-
motor changes, hopelessness and decreased self-confidence 
were found to be the most central symptoms and among 
the least central was loss of interest [16]. Jones and others 
[17] concluded that concentration impairment, sadness, and 
fatigue were the most central nodes among individuals with 
obsessive–compulsive disorder with comorbid depression. 
These differences might be explained by variability in the 
samples, designs, and depression inventories used [12].

In addition, of the three most widely used centrality 
measures, i.e., closeness, betweenness and node strength 
[19], closeness and betweenness have suggested to be dif-
ficult to interpret in psychological networks, because they 
are based on assumption that do not hold when studying 
association between variables [20]. The most suitable cen-
trality measure may thus be strength centrality that meas-
ures the weighted number of connections of a focal node 
and thereby the degree to which it is involved in the net-
work. Moreover, “expected influence” indices, which dis-
tinguish between positive and negative edges, may be more 
suitable for evaluating centrality in networks with various 
community structures [21]. Similarly, indicators, such as 
participation coefficient, that measures the strength of a 
node’s connections within its community may be useful 
when comparing symptoms networks with different com-
munity structures. It has also repeatedly been shown that 
measures detecting depression severity often fail to show 
uni-dimensionality or measurement invariance over time [4], 
which makes cliques highly likely in depression data, given 
the mathematical equivalence between factor and network 
models [22]. Furthermore, the most commonly used central-
ity measures are often calculated without considering the 
effects that the potential differences in the local systemic 
entities, such as community structures within the networks 
[23], have on centrality measures. This could have contrib-
uted to the inconsistent results of centrality estimates across 
publications in the literature.

Third, many previous studies have estimated depressive 
symptoms (and also other symptom networks) without con-
sidering the fact that symptom networks may include many 
locally connected structures, referred to as communities or 
cliques. To the best of our knowledge, so far only few stud-
ies have investigated the community structure of depressive 
symptoms networks [16, 24]. This is a gap in the literature, 
as connectivity is a global measure: different community 
structures can lead to the same connectivity; for illustration 
of this effect, see Fig. 1. On the left, there is a network of 
nine nodes with three nodes structured in three communi-
ties that are fully and strongly connected; all edge weights 
are 0.99; however, there are no edges from any community 
to any other. The overall connectivity of 9 present and 27 
absent edges is 9. On the right-hand side is a fully connected 
network with 9 edges but only one community, with much 
smaller edge weights of 0.25. This network has the same 
overall connectivity as network 1 (9), although the architec-
ture and the conclusions we potentially make of the connec-
tions between nodes are probably different (for details of the 
example, see Online Supplement Appendix).

In sum, although the number of studies analyzing depres-
sive symptom networks have increased rapidly, some crucial 
question remains open. First of all, results are conflicted to 
whether individuals with depression have higher or lesser 
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symptom connectivity, or whether high connectivity is actu-
ally “good or bad” [8]. Second, it remains unclear which of 
the symptoms are more central than others in the depression 
symptom network. Third, it is also not clear whether there 
are differences in the community structures in the symptom 
networks between individuals with and without depression, 
and whether these differences affect the conclusions about 
the connectivity and centrality of individual symptoms.

To address these open questions, the present study exam-
ined self-reported depressive symptom networks using data 
from the nationally representative Health 2000–2011 sur-
veys in Finland. The specific aims were to examine whether 
there were differences between those with depressive dis-
order (DD) and those without (A) in overall connectivity in 
symptom networks, (B) in centrality of the symptoms, and 
(C) in community structures of the symptom networks using 
metrics taking into account the community structure and 
local connectivity (expected influence step 2 and participa-
tion coefficients) to find out whether there are differences 
between the groups that network theory has traditionally not 
analyzed.

Methods

Sample

The data were derived from two data collection phases of 
the multidisciplinary epidemiological survey, “The Health 
2000–2011”, which was carried out in Finland in 2000–2001 
and in 2010–2011. As described in detail elsewhere [25], in 
2000, a nationally representative sample was drawn among 

adults aged 30 years or over and living in the mainland of 
Finland. Two-stage clustered sampling of 15 largest towns and 
65 health districts in Finland was used and individuals over 
80 years were oversampled (2:1). In addition, young adults’ 
sample of individuals who were between 18 and 29 years old 
were collected using shortened version of the study protocol. 
In 2011, all participants who were alive, living in Finland, and 
had not refused to participate, were invited to take part of new 
data collections wave [26]. In addition, participants from the 
young adults’ sample of Health 2000, were included.

In Health 2000, a total of 7419 participants (93% of the 
7977 subjects alive at the first day of the first phase of the sur-
vey) participated to one or more phase of the study. Of these, 
6354 participated in the clinical examination, which included, 
e.g., the Composite International Diagnostic Interview (CIDI), 
which was reliably performed for 6005 participants (75% of 
the original sample). In Health 2011, a total 6740 participants 
(67% of those who were invited) participated at least one to 
one phase of the study. Of these participants, 4729 participated 
in the health examination.

The present study was restricted to those participants who 
had participated in CIDI and responded to BDI-13 question-
naire in 2000 and/or 2011. This resulted to a total of 5998 
participants without depressive disorder (DD) and 595 with 
depressive disorder. Participants with other mental disorders 
in 2000 or in 2011 were excluded.

Fig. 1   Illustration how different 
community structures can lead 
to the same connectivity and 
centrality measures
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Measures

Diagnoses

Depression diagnoses were based on the Finnish transla-
tion of the Munich version of the Composite International 
Diagnostic Interview (M-CIDI, [27]. CIDI uses opera-
tionalised criteria for DSM-IV diagnoses and allows an 
estimation of DSM-IV diagnoses for mental disorders. In 
the present study, a computerized version of CIDI was 
used [27]. The translation of the CIDI-items into Finn-
ish was based on the original English items of CIDI and 
was made pairwise by psychiatric professionals. The pro-
cess included consensus meetings, expert opinions, an 
authorized translator’s review, and pilot testing with both 
informed test participants and unselected real participants.

The CIDI interview has been found to be a valid and 
reliable instrument [28, 29]. The interviews were per-
formed to determine the 12-month prevalence of depres-
sive (dysthymia or major depressive disorder, MDD), 
anxiety and alcohol use disorders. The interviewers were 
non-psychiatric health professionals who were trained in 
conducting CIDI interviews. Trainers were psychiatrists 
or physicians trained by a WHO authorized trainer. The 
Kappa values for the two interviews were 0.88 (95% CI 
0.64–1.0, observer agreement 94%) for major depressive 
disorder, and 0.88 (95% CI 0.64–1.0, observer agree-
ment 98%) for dysthymia [30]. In depressive disorders, 
the CIDI interview differentiates also between dysthymic 
disorder and MDD. Furthermore, the most recent timing 
(or appearance) of each symptom was also recorded (time 

frame of depression), allowing for estimates about when 
the diagnostic criteria were fulfilled most recently. In the 
current study, the variable for psychiatric diagnosis was 
coded as DD (includes MDD with or without dysthymia 
and dysthymia) and no DD (or other mental disorders).

Depressive symptoms

Depressive symptoms were assessed using the Beck Depres-
sion Inventory (BDI) [31]. In 2000 21-item version was 
used, and in 2011 the 13-item version [32]. In the current 
study, we used those 13 items of BDI that were measured at 
both time points (Fig. 2).

Statistical methods

We estimated network models, community structures and 
graph-theoretical measures in multiple steps. All statisti-
cal analyses and used statistical packages are explained in 
detail in the online supplement. First, we estimated network 
structures of depression symptoms in two sub-groups based 
on CIDI: (1) individuals without a diagnosis of DD (DD−) 
and (2) individuals diagnosed with DD or dysthymia (DD+). 
The network structures were analyzed using the responses 
in 2000 or 2011 (if they responded only once) and means 
of their responses (if they responded in 2000 and in 2011) 
for each individual. To obtain networks for non-depressed 
and depressed groups, we estimated polychoric correlations 
among symptoms (for robustness analyses with Spearman 
correlations, see the online supplement), and then estimated 
the depression symptom network using the Fused Graphical 
Lasso (FGL).

Fig. 2   Visualization of the 
Fused Graphical Lasso (FGL) 
estimated networks of depres-
sive symptoms in participants 
without (DD−) and with (DD+) 
major depressive disorder or 
dysthymia. Symptoms are as 
follows: b1 = Depressed mood/
sadness; b2 = Pessimistic about 
the future; b3 = Low self-
esteem/past failure; b4 = Loss 
of pleasure/dissatisfaction; 
b5 = Feeling guilty; b6 = Feel-
ing disappointed in oneself/
self-dislike; b7 = Self harm; 
b8 = Loosing interest in other 
people; b9 = Difficulties in 
decision-making; b10 = Dis-
satisfaction with once appear-
ance/worthlessness; b11 = Loss 
of energy; b12 = Tiredness; 
b13 = Loss of appetite
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Second, we assessed the predictability of the individual 
symptoms (how much of the variance of each symptom is 
explained by the other nodes in the network) using Mixed 
Graphical Models. After calculating the predictability 
results, we included these parameters into the FGL net-
works. We used the R package “qgraph” [33] to plot the 
networks. Third, we compared the connectivity of the net-
works between DD− and DD+ groups using the “Network-
ComparisonTest” (NCT) R-package [34]. Fourth, we evalu-
ated the community structure of the symptom networks in 
both groups using the walktrap-algorithm [35] and “igraph”-
package [36] (for robustness analyses via the spinglass algo-
rithm, see the online supplement). Sub-network structures of 
depressive symptoms in different groups were tested using 
the minimum spanning trees (MST) [37].

Fifth, we calculated node strength, which was our primary 
centrality measure, and also estimated “Expected influence” 
centrality index as well as participation coefficient for each 
node. Correlations between strength centrality measures and 
expected influence were calculated to evaluate the overall 
similarity between the groups. Sixth, we tested the parameter 
accuracy of edges and centrality estimates in the symptom 
networks, using the R package “bootnet”, via a bootstrap 
sampling procedure with 1000 iterations. We evaluated the 
stability of the strength centrality metrics using the correla-
tion stability (CS) coefficient by repeatedly correlating cen-
trality metrics of the original data set with those calculated 
from subsamples including progressively fewer participants. 
The CS-coefficient represents the maximum proportion of 
participants that can be dropped while maintaining 95% 
probability that the correlation between centrality metrics 
from the full data set and the subset data are at least 0.7, and 
should be above 0.5

As additional sensitivity analyses, we bootstrapped cen-
trality scores (1000 samples) to estimate the uncertainty in 
the correlation between the centrality scores of the DD− and 
DD+ group and examined the community structures in more 
detail (for details see the online supplementary appendix).

All analyses were conducted using R 3.5.1 (R Core Team 
2018).

Results

Descriptive statistics

There were 5998 DD− participants and 595 DD+ par-
ticipants with data for either or both measurement points. 
Differences between the average symptom level over time 
points were all significant between DD− and DD+ groups, 
the mean of all symptoms in DD− group was 0.19 and in 
DD+ group 0.55 (difference = − 0.35, 95% CI [− 0.40, 
− 0.33]). The greatest differences were found for sadness 

(means 0.15/0.72) and guilty feelings (means 0.22/0.72), 
and the smallest difference was found for change in appetite 
(means 0.07/0.22) and in self-dislike (means 0.08/0.36). The 
means and standard deviations and zero-order correlation 
matrices of individual symptoms are presented in the Online 
Supplement (Supplement Figs. 1 and 2). The Spearman cor-
relations between the symptom profiles was 0.80 suggesting 
rather strong similarities across MDD groups.

Network structure

The visualization of the FGL networks for DD− and DD+ 
groups are presented in Fig. 2. The predictability (amount 
of explained variance of each symptoms by all the other 
symptoms) is illustrated by the percentage of shaded area 
in the pie. Depressive symptoms descriptively explained a 
larger proportion of the variance of the other symptoms in 
DD+ (mean explained variance 41%) than in DD+ partici-
pants (mean explained variance 31%). This finding translates 
into somewhat stronger associations between symptoms in 
participants with MDD than in those without (average edge 
weight 0.07 in the DD+ group vs 0.06 in the DD− group). 
The internal consistency (Cronbach’s alpha) was also 
slightly higher in DD+ (0.89) than in DD− (0.84) group. 
When comparing the networks across groups, the Network 
Comparison Test revealed no significant differences regard-
ing network structures (M = 0.12; p = 0.77) or network con-
nectivity (global strength) (difference 0.08, p = 0.87), with 
connectivity estimates of 5.4 for DD+ group and 5.5 for 
DD− group. Overall similarity was evaluated by calculat-
ing the correlations between the edge weights across net-
works for each pair of networks (Supplement Figs. 3 and 
4). Spearman correlation was 0.65, also indicating rather 
strong similarity.

All else being equal, we identified some differences in the 
community structures of the networks between MDD groups 
(Fig. 3). In DD− group, the walktrap-algorithm suggested 
four different communities, but only three communities were 
suggested in DD+ group (results remained the same when 
rerunning the algorithm ten times with random seeds). Mini-
mum spanning trees supported the less uniform structure of 
symptoms in DD− group compared to DD+ group although 
the most central nodes were partly the same in both groups 
(Fig. 4). The nodes closer to the center of the tree (i.e. nodes 
that feature more edges) are most central. Loss of pleasure, 
past failure, and indecisiveness were the most central symp-
toms in DD− and in DD+ group they were loss of pleasure, 
self-dislike, and loss of energy.

The centrality estimates (node strength and expected influ-
ence) and participation coefficients are shown in Fig. 5. Loss 
of pleasure, sadness, loss of energy, and self-dislike had the 
greatest node centrality strength in DD+ and in DD− group 
and they were also more central than 50% or more of other 
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nodes in the network (bootstrapped difference tests for strength 
centrality are presented in Supplement Figs. 5–8). The strength 
centrality profiles were very similar in DD− and DD+ groups, 

with a correlation of 0.85 suggesting strong similarity across 
groups. The expected influence profiles were also similar 
(r = 0.89) and again especially loss of pleasure, self-dislike, 

Fig. 3   The community structure 
of the networks of depressive 
symptoms in DD− and DD+ 
participants
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and sadness were high, all but even higher in DD+ group. The 
participation coefficients suggested that the loss of energy and 
self-dislike were central symptoms in DD+ group (Fig. 4), 
with a correlation of r = 0.67 across groups. The CS coeffi-
cients indicated a stable order of strength centrality estimation, 
with values of 0.67 (DD+) and 0.75 (DD−).

Sensitivity analyses regarding the centrality indexes con-
firmed our findings reported above (see online supplement for 
details). Sensitivity analyses related to community structure 
showed that the community structure in those participants with 
DD+ were relatively stable and three-community-solution was 
the most common (Supplement Fig. 9). Among the DD− par-
ticipants, network was clearly less stable (Supplement Fig. 10).

Discussion

The present study examined depressive symptom networks 
using data from a nationally representative general popula-
tion sample. Results showed that there were no differences 

in the overall connectivity of symptom networks between 
participants with and without DD (major depressive disorder 
and dysthymia). Whereas simpler community structure was 
observed among those participants with DD, the differences 
in centrality measures between participants with and without 
DD were relatively small.

Our findings regarding the overall network connectiv-
ity were somewhat unexpected and not consistent with all 
prior work. Specifically, some studies showed an increased 
network connectivity in participants with depression [38, 
39]. The network theory—supported by prior studies using 
both empirical and simulated data—has suggested that net-
work connectivity may be a key feature leading to attractor 
states with large number of active symptoms and thus to 
clinical depression [8]. Strong connections between symp-
toms indicate that symptoms more easily affect each other 
and thus maintain and trigger negative systemic states. Our 
findings suggesting that there were no differences in con-
nectivity between groups of people with and without DD, do 
not provide strong support for the inferences of the theory. 
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However, these findings are in line with a intervention study, 
where stronger symptom connectivity was not associated 
with treatment prognosis [14]. They also are in line with 
another study where the connectivity of depressive symp-
toms was found to increase during antidepressant treatment 
in a very large clinical trial (the STAR*D study) while the 
overall severity of depression decreased [4].

In the present study, fewer communities, and thus simpler 
community structure was found in those participants with 
DD. This was unexpected given previous work that found 
that decreases in depressive symptoms across time were 
associated with structures that became less multifactorial 
(i.e. increasingly more unidimensional) [4]. Especially our 
finding that the community structure was less stable among 
participants without depression (see online supplement for 
more details) warrants further investigation.

The most central symptoms in the depressive symptoms 
network of the participants with DD were (a) loss of pleas-
ure, (b) self-dislike, (c) sadness and (d) loss of energy. In 
the present study, some less frequently used centrality meas-
ures, which took more efficiently into account the commu-
nity structure, were used. However, only minor differences 
compared to the strength centrality measures (correlation 
range from 0.59 to 0.89) were found. Based on all indicators 
used in this study, loss of energy, and loss of pleasure were 
consistently central in those with DD and the differences 
between those without and with DD were relatively small. 
Similar results have been previously reported, suggesting 
that sadness [12] or loss of pleasure (Bringmann et al. 2015) 
would be the most central symptoms in MDD. However, 
other studies have found different symptoms to be most cen-
tral [16, 17], indicating that central symptoms might differ 
across samples. It is also important to notice that symptoms 
of sadness and/or anhedonia were required for depression 
diagnosis in this sample, which may bias centrality statistics.

Although it is tempting to assume that the most cen-
tral symptoms also have a strong causal role in the net-
work, empirical investigations into the matter are scarce. 
Rodebaugh and co-workers [40] examined whether central 
symptoms in a network constructed using a cross-sectional 
data predicted the correlation between change in a given 
node using the same data and change in other symptoms 
across treatment also in another dataset. They found that 
centrality predicted which nodes were more strongly asso-
ciated with change above and beyond other predictors, but 
that prediction was restricted to that specific network and 
data where the centrality was determined. Thus, the higher 
centrality was associated with a stronger association with 
change across the entire symptom network, but only among 
those specific symptoms where the centrality measures were 
detected. There are multiple problems in interpreting central 
symptoms as the most influential, (the most central may be 
just the end point or just the one with the greatest variability, 

see: https​://psych​-netwo​rks.com/how-to-not-inter​pret-centr​
ality​-value​s-in-netwo​rk-struc​tures​/) and recently the whole 
basis of measuring centrality in psychological networks that 
do not have similar features (serial flow of connections) as 
social networks, has been challenged [20]. In the present 
study, we tried to overcome some of these problems using 
centrality measures that are not based on shortest path 
measures (strength centrality) and by taking into account 
the community structure within the network (participation 
coefficient) [41].

Recently, some work has criticized the application of 
centrality metrics derived from social network analysis to 
psychological data [20]. This may be especially problematic 
if centrality measures are considered—as they often seem 
to be—as measures of symptom importance. These metrics 
assume that there are no qualitative differences between 
nodes, which is a contentious assumption. In psychologi-
cal networks, especially symptom networks, it is difficult 
to interpret that suicidal thoughts would be as important 
as changes in appetite and thus, focusing only on the con-
nections in psychological networks to find the most cen-
tral node would be problematic. It is also possible that the 
observed differences in central symptoms between groups 
may be a result of sampling variability changing the abso-
lute rank order of symptoms without there necessarily being 
any differences in centrality of the symptoms [42]. Given 
that prior research was in part based on small samples and 
lacked investigations whether the most central symptoms 
was substantially or significantly more central than other 
symptoms (e.g. via the centrality difference test [43]), this 
raises doubts as to how meaningful differences in reported 
centrality differences in the literature are, and we hope the 
at least in part large sample size of the present study adds to 
the literature in that regard.

Strengths and limitations

Main strengths of the current study are a population-based 
sample, which is a representative of Finnish general adult 
population, and the use of CIDI to identify participants with 
DD during the last 12 months. Some limitations need to be 
taken into account when current findings are interpreted. The 
original sample of the Finnish Health 2000 survey included 
8028 subjects of whom 6005 (75%) were interviewed with 
the CIDI. It has been shown participants who did not par-
ticipate had more depressive symptoms than those who 
participated, indicating that they were more likely to suffer 
from DD. However, the aim of the current study was not 
estimate the prevalence of DD, and CIDI has been found to 
have acceptable psychometric properties [44]. Second, cohort 
effects could bias or confound our results, although we do 
not think this is highly likely, because there were no differ-
ences in the levels of depressive symptoms or DD prevalence 

https://psych-networks.com/how-to-not-interpret-centrality-values-in-network-structures/
https://psych-networks.com/how-to-not-interpret-centrality-values-in-network-structures/
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between the two time points [45]. Third, the analytical design 
was cross-sectional, preventing us making any inferences 
about the direction of the associations or development the 
network structures. For example, participants who were not 
diagnosed with depression could be in remission. Fourth, 
we used regularized models which make groups with dif-
ferent sample sizes difficult to compare (see supplement 
analyses for analyses in which we subsampled participants 
to obtain equal sample sizes). Fifth, we mainly relied on com-
munity detection results based on the walktrap-algorithm 
(see supplement analyses for results based on the spinglass 
algorithm). Six, from the all possible depressive symptoms, 
our investigation is limited to those which are included in 
BDI-13, and thus other important symptoms may be missing. 
Finally, although depression diagnosis was based on struc-
tured interview (M-CIDI), and not on BDI scores, Berkson’s 
bias could potentially influence our results [46].

Conclusions

To conclude, we found that community structure, but not 
overall connectivity or symptom centrality, of the symp-
tom network may be different between participants with 
and without DD. This difference could be important when 
estimating the overall connectivity differences in symptoms 
between groups with and without mental disorders.

Acknowledgments  Open access funding provided by University of 
Helsinki including Helsinki University Central Hospital.

Funding  This work was supported by the Academy of Finland (310591 
to CH).

Availability of the data and code  Authors do not have permission to 
share the research data. Data access can be applied from the Finn-
ish institute for health and welfare. For details, see: https​://thl.fi/en/
web/thlfi​-en/resea​rch-and-exper​twork​/proje​cts-and-progr​ammes​/
healt​h-2000-2011/infor​matio​n-for-resea​rcher​s. Code for the statisti-
cal analyses is available from https​://githu​b.com/Melov​ainio​/Netwo​
rk_depre​ssion​.

Conflict of interest  None declared.

Ethics statement  The study was approved by the ethical committee of 
the Finnish Public Health Institute and the Hospital District of Helsinki 
and Uusimaa, Finland.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Cuijpers P (2018) The challenges of improving treatments for 
depression. JAMA 320(24):2529–2530. https​://doi.org/10.1001/
jama.2018.17824​

	 2.	 Chen L, Eaton WW, Gallo JJ, Nestadt G (2000) Understanding 
the heterogeneity of depression through the triad of symptoms, 
course and risk factors: a longitudinal, population-based study. J 
Affect Disord 59(1):1–11

	 3.	 Fried EI, Nesse RM (2015) Depression is not a consistent 
syndrome: an investigation of unique symptom patterns in 
the STAR*D study. J Affect Disord 172:96–102. https​://doi.
org/10.1016/j.jad.2014.10.010

	 4.	 Fried EI, van Borkulo CD, Epskamp S, Schoevers RA, Tuer-
linckx F, Borsboom D (2016) Measuring depression over time 
… Or not? Lack of unidimensionality and longitudinal meas-
urement invariance in four common rating scales of depression. 
Psychol Assess 28(11):1354–1367. https​://doi.org/10.1037/
pas00​00275​

	 5.	 Fried EI, Nesse RM, Zivin K, Guille C, Sen S (2014) Depression 
is more than the sum score of its parts: individual DSM symptoms 
have different risk factors. Psychol Med 44(10):2067–2076. https​
://doi.org/10.1017/S0033​29171​30029​00

	 6.	 Lux V, Kendler KS (2010) Deconstructing major depression: a 
validation study of the DSM-IV symptomatic criteria. Psychol 
Med 40(10):1679–1690. https​://doi.org/10.1017/S0033​29170​
99921​57

	 7.	 Borsboom D (2017) A network theory of mental disorders. World 
Psychiatry 16:5–13. https​://doi.org/10.1002/wps.20375​

	 8.	 Cramer AO, van Borkulo CD, Giltay EJ, van der Maas HL, Kend-
ler KS, Scheffer M, Borsboom D (2016) Major depression as a 
complex dynamic system. PLoS ONE 11(12):e0167490. https​://
doi.org/10.1371/journ​al.pone.01674​90

	 9.	 Moorey S (2010) The six cycles maintenance model: grow-
ing a "vicious flower" for depression. Behav Cogn Psychother 
38(2):173–184. https​://doi.org/10.1017/S1352​46580​99905​80

	10.	 Boschloo L, van Borkulo CD, Borsboom D, Schoevers RA (2016) 
A prospective study on how symptoms in a network predict the 
onset of depression. Psychother Psychosom 85(3):183–184. https​
://doi.org/10.1159/00044​2001

	11.	 Bringmann LF, Lemmens LH, Huibers MJ, Borsboom D, Tuer-
linckx F (2015) Revealing the dynamic network structure of the 
Beck Depression Inventory-II. Psychol Med 45(4):747–757. https​
://doi.org/10.1017/S0033​29171​40018​09

	12.	 Fried EI, Epskamp S, Nesse RM, Tuerlinckx F, Borsboom D 
(2016) What are ’good’ depression symptoms? Comparing the 
centrality of DSM and non-DSM symptoms of depression in 
a network analysis. J Affect Disord 189:314–320. https​://doi.
org/10.1016/j.jad.2015.09.005

	13.	 van Borkulo C, Boschloo L, Borsboom D, Penninx BWJH, 
Waldorp LJ, Schoevers RA (2015) Association of symptom 
network structure with the course of depression. JAMA Psy-
chiatry 72(12):1219–1226. https​://doi.org/10.1001/jamap​sychi​
atry.2015.2079

	14.	 Schweren L, van Borkulo CD, Fried E, Goodyer IM (2018) 
Assessment of symptom network density as a prognostic marker 
of treatment response in adolescent depression. JAMA Psychiatry 
75(1):98–100. https​://doi.org/10.1001/jamap​sychi​atry.2017.3561

	15.	 van Loo HM, Van Borkulo CD, Peterson RE, Fried EI, Aggen 
SH, Borsboom D, Kendler KS (2018) Robust symptom networks 

https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/health-2000-2011/information-for-researchers
https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/health-2000-2011/information-for-researchers
https://thl.fi/en/web/thlfi-en/research-and-expertwork/projects-and-programmes/health-2000-2011/information-for-researchers
https://github.com/Melovainio/Network_depression
https://github.com/Melovainio/Network_depression
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2018.17824
https://doi.org/10.1001/jama.2018.17824
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1037/pas0000275
https://doi.org/10.1037/pas0000275
https://doi.org/10.1017/S0033291713002900
https://doi.org/10.1017/S0033291713002900
https://doi.org/10.1017/S0033291709992157
https://doi.org/10.1017/S0033291709992157
https://doi.org/10.1002/wps.20375
https://doi.org/10.1371/journal.pone.0167490
https://doi.org/10.1371/journal.pone.0167490
https://doi.org/10.1017/S1352465809990580
https://doi.org/10.1159/000442001
https://doi.org/10.1159/000442001
https://doi.org/10.1017/S0033291714001809
https://doi.org/10.1017/S0033291714001809
https://doi.org/10.1016/j.jad.2015.09.005
https://doi.org/10.1016/j.jad.2015.09.005
https://doi.org/10.1001/jamapsychiatry.2015.2079
https://doi.org/10.1001/jamapsychiatry.2015.2079
https://doi.org/10.1001/jamapsychiatry.2017.3561


1282	 Social Psychiatry and Psychiatric Epidemiology (2020) 55:1273–1282

1 3

in recurrent major depression across different levels of genetic 
and environmental risk. J Affect Disord 227:313–322. https​://doi.
org/10.1016/j.jad.2017.10.038

	16.	 Kendler KS, Aggen SH, Flint J, Borsboom D, Fried EI (2018) 
The centrality of DSM and non-DSM depressive symptoms in 
Han Chinese women with major depression. J Affect Disord 
227:739–744. https​://doi.org/10.1016/j.jad.2017.11.032

	17.	 Jones PJ, Mair P, Riemann BC, Mugno BL, McNally RJ (2018) A 
network perspective on comorbid depression in adolescents with 
obsessive-compulsive disorder. J Anxiety Disord 53:1–8. https​://
doi.org/10.1016/j.janxd​is.2017.09.008

	18.	 Mullarkey MC, Marchetti I, Beevers CG (2019) Using network 
analysis to identify central symptoms of adolescent depres-
sion. J Clin Child Adolesc Psychol 48(4):656–668. https​://doi.
org/10.1080/15374​416.2018.14377​35

	19.	 Barrat A, Barthelemy M, Pastor-Satorras R, Vespignani A (2004) 
The architecture of complex weighted networks. Proc Natl Acad 
Sci USA 101(11):3747–3752. https​://doi.org/10.1073/pnas.04000​
87101​

	20.	 Bringmann LF, Elmer T, Epskamp S, Krause RW, Schoch D, 
Wichers M, Wigman JTW, Snippe E (2019) What do centrality 
measures measure in psychological networks? J Abnorm Psychol 
128(8):892–903. https​://doi.org/10.1037/abn00​00446​

	21.	 Robinaugh DJ, Millner AJ, McNally RJ (2016) Identifying highly 
influential nodes in the complicated grief network. J Abnorm Psy-
chol 125(6):747–757. https​://doi.org/10.1037/abn00​00181​

	22.	 Kruis J, Maris G (2016) Three representations of the Ising model. 
Sci Rep 6:34175. https​://doi.org/10.1038/srep3​4175

	23.	 Jones PJ, Mair P, McNally RJ (2018) Visualizing psychological 
networks: a tutorial in R. Front Psychol. https​://doi.org/10.3389/
fpsyg​.2018.01742​

	24.	 Bos FM, Fried EI, Hollon SD, Bringmann LF, Dimidjian S, 
DeRubeis RJ, Bockting CLH (2018) Cross-sectional networks of 
depressive symptoms before and after antidepressant medication 
treatment. Soc Psychiatry Psychiatr Epidemiol 53(6):617–627. 
https​://doi.org/10.1007/s0012​7-018-1506-1

	25.	 Heistaro S (2008) Methodology report. Health 2000 survey. In: 
N. P. H. Institute (ed) Publications of the National Public Health 
Institute, KTL. The National Public Health Institute, Helsinki

	26.	 Koskinen S, Lundqvist A, Ristiluoma N (2011) Terveys, toi-
mintakyky ja hyvinvointi Suomessa 2011. THL, Tampere

	27.	 Wittchen H-U, Pfister H (1997) DIA-X-Interviews: manual fur 
screening-verfahren und Interview; Interviewheft Langsschnit-
tuntersuchung (DIA-X-Lifetime); Erganzungsheft (DIAX-
Lifetime); Interviewheft Querschnittuntersuchung (DIA-X-12 
Monate); Erganzungsheft (DIA-X-12 Monate); PC-Programm 
zur Durchfuhrung des Interviews (Langs- und Querschnittunter-
suchung); Auswertungsprogramm. Swets and Zeitlinger, Frankfurt

	28.	 Wittchen HU, Lachner G, Wunderlich U, Pfister H (1998) Test-
retest reliability of the computerized DSM-IV version of the 
Munich-composite international diagnostic interview (M-CIDI). 
Soc Psychiatry Psychiatr Epidemiol 33(11):568–578

	29.	 Wittchen HU, Robins LN, Cottler LB, Sartorius N, Burke JD, 
Regier D (1991) Cross-cultural feasibility, reliability and sources 
of variance of the Composite International Diagnostic Interview 
(CIDI). The Multicentre WHO/ADAMHA Field Trials. Br J Psy-
chiatry 159:645–653

	30.	 Pirkola SP, Isometsa E, Suvisaari J, Aro H, Joukamaa M, 
Poikolainen K, Koskinen S, Aromaa A, Lonnqvist JK (2005) 
DSM-IV mood-, anxiety- and alcohol use disorders and their 
comorbidity in the Finnish general population—results from the 
Health 2000 Study. Soc Psychiatry Psychiatr Epidemiol 40(1):1–
10. https​://doi.org/10.1007/s0012​7-005-0848-7

	31.	 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961) 
An inventory for measuring depression. Arch Gen Psychiatry 
4:561–571

	32.	 Beck A, Beck R (1972) Screening depressed patients in family 
practice. A rapid technic. Postgrad Med 52:81–85

	33.	 Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Bors-
boom D (2012) qgraph: network visualizations of relationships in 
psychometric data. J Stat Softw 48(4):1–18

	34.	 Van Borkulo C (2015) Network comparison test: permutation-
based test of differences in strength of networks. https​://githu​
b.com/cvbor​kulo/Netwo​rkCom​paris​onTes​t

	35.	 Yang Z, Algesheimer R, Tessone CJ (2016) A comparative analy-
sis of community detection algorithms on artificial networks. Sci 
Rep 6:30750. https​://doi.org/10.1038/srep3​0750

	36.	 Golino HF, Epskamp S (2017) Exploratory graph analysis: a new 
approach for estimating the number of dimensions in psychologi-
cal research. PLoS ONE 12(6):e0174035. https​://doi.org/10.1371/
journ​al.pone.01740​35

	37.	 Christensen AP (2018) Network toolbox: methods and measures 
for brain, cognitive, and psychometric network analysis in R. R J 
10(2):422–439

	38.	 Snippe E, Viechtbauer W, Geschwind N, Klippel A, de Jonge P, 
Wichers M (2017) The impact of treatments for depression on 
the dynamic network structure of mental states: two randomized 
controlled trials. Sci Rep 7:46523. https​://doi.org/10.1038/srep4​
6523

	39.	 Madhoo M, Levine SZ (2016) Network analysis of the quick 
inventory of depressive symptomatology: reanalysis of the 
STAR*D clinical trial. Eur Neuropsychopharmacol 26(11):1768–
1774. https​://doi.org/10.1016/j.euron​euro.2016.09.368

	40.	 Rodebaugh TL, Tonge NA, Piccirillo ML, Fried E, Horenstein 
A, Morrison AS, Goldin P, Gross JJ, Lim MH, Fernandez KC, 
Blanco C, Schneier FR, Bogdan R, Thompson RJ, Heimberg RG 
(2018) Does centrality in a cross-sectional network suggest inter-
vention targets for social anxiety disorder? J Consult Clin Psychol 
86(10):831–844. https​://doi.org/10.1037/ccp00​00336​

	41.	 Letina S, Blanken TF, Deserno MK, Borsboom AC (2019) 
Expanding network analysis tools in psychological networks: min-
imal spanning trees, participation coefficients, and motif analysis 
applied to a network of 26 psychological attributes. Complexity. 
https​://doi.org/10.1155/2019/94246​05

	42.	 Borsboom D, Fried EI, Epskamp S, Waldorp LJ, van Borkulo CD, 
van der Maas HLJ, Cramer AOJ (2017) False alarm? A compre-
hensive reanalysis of "Evidence that psychopathology symptom 
networks have limited replicability" by Forbes, Wright, Markon, 
and Krueger (2017). J Abnorm Psychol 126(7):989–999. https​://
doi.org/10.1037/abn00​00306​

	43.	 Epskamp S, Borsboom D, Fried EI (2018) Estimating psychologi-
cal networks and their accuracy: a tutorial paper. Behav Res Meth-
ods 50(1):195–212. https​://doi.org/10.3758/s1342​8-017-0862-1

	44.	 Wittchen HU (1994) Reliability and validity studies of the 
WHO—composite international diagnostic interview (CIDI): a 
critical review. J Psychiatr Res 28(1):57–84

	45.	 Rosenström T, Elovainio M, Jokela M, Pirkola S, Koskinen S, 
Lindfors O, Keltikangas-Järvinen L (2015) Concordance between 
composite international diagnostic interview and self-reports of 
depressive symptoms: a re-analysis. Int J Methods Psychiatr Res 
24(3):213–225. https​://doi.org/10.1002/mpr.1478

	46.	 Ron J, Fried E, Epskamp S (2019) Psychological networks in clini-
cal populations: investigating the consequences of Berkson’s bias. 
Psychol Med. https​://doi.org/10.1017/S0033​29171​90032​09

https://doi.org/10.1016/j.jad.2017.10.038
https://doi.org/10.1016/j.jad.2017.10.038
https://doi.org/10.1016/j.jad.2017.11.032
https://doi.org/10.1016/j.janxdis.2017.09.008
https://doi.org/10.1016/j.janxdis.2017.09.008
https://doi.org/10.1080/15374416.2018.1437735
https://doi.org/10.1080/15374416.2018.1437735
https://doi.org/10.1073/pnas.0400087101
https://doi.org/10.1073/pnas.0400087101
https://doi.org/10.1037/abn0000446
https://doi.org/10.1037/abn0000181
https://doi.org/10.1038/srep34175
https://doi.org/10.3389/fpsyg.2018.01742
https://doi.org/10.3389/fpsyg.2018.01742
https://doi.org/10.1007/s00127-018-1506-1
https://doi.org/10.1007/s00127-005-0848-7
https://github.com/cvborkulo/NetworkComparisonTest
https://github.com/cvborkulo/NetworkComparisonTest
https://doi.org/10.1038/srep30750
https://doi.org/10.1371/journal.pone.0174035
https://doi.org/10.1371/journal.pone.0174035
https://doi.org/10.1038/srep46523
https://doi.org/10.1038/srep46523
https://doi.org/10.1016/j.euroneuro.2016.09.368
https://doi.org/10.1037/ccp0000336
https://doi.org/10.1155/2019/9424605
https://doi.org/10.1037/abn0000306
https://doi.org/10.1037/abn0000306
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1002/mpr.1478
https://doi.org/10.1017/S0033291719003209

	Network structure of depression symptomology in participants with and without depressive disorder: the population-based Health 2000–2011 study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Sample

	Measures
	Diagnoses
	Depressive symptoms
	Statistical methods

	Results
	Descriptive statistics
	Network structure

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgments 
	References




